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ae 1 200 miles of levees, and where t there i is but slight variation in velteattin, 


topographical. and geological conditions. 


For convenience of administration the Mississippi River Commi 


‘Gulf into. four districts, each of which is ‘placed ‘under the super- 


Vision: of an officer of the ‘United States Engineer Corps. ‘These 
districts include the levees built by the local, State and county 


‘s has divided the portion of the alluvial basin from Cairo to the — 


‘boards, but which are, to a great extent, ‘maintained by the Govern- 
“ment. it. The The first and second districts, extending from Cairo to = 
“mouth ‘the White ‘River, have been consolidated ed and are under 


one officer, ‘The third “district ‘reaches from White River to Warren-— 


ia 
— 
@ In engineering works covering an extended field, with operations 
§ involving practically the same conditions, system and economy are 
obtained by the adoption of general standards of form and specifica- |§§§§ 
q 
§ tion. This is particularly true of the levee work on the Mississippi _ is — 
a 
an 


COPPEE ON (STANDARD LEVEE SECTIONS. 


_ The climate varies but slightly in this entire reach Of iver, the: 
winter in the upper districts being more and extended, 


the e other | seasons ns partaking the same » changes. The 


is” similar: A flat alluvial plain: intersected by nt numerous bayous and 


as river arms, ete., having — from ‘the: 

: The foundations on which the levees stand andthe material of whieh Ze : 
they are are 


dis trict the 


mnission, ona the work of construction \ was under ertaken with 


dimensions ons of cross-section, and the same specifications required by 


Since 1882 approximately 50 000 090 cu. of earth have been 
placed in n the lev oe byt the Government. 2 T he form of these levees has 


ried with the local conditions, but since 1887 the ‘general specifica- 


tions have not been radically y changed. 


few years ago the Government t adopted standard sections which a 


- 
have since ‘been adhered to, except in ‘cases where the “conditions 


more specific treatment. first, second and third dis- 


v tricts have practically the same standard for all levees on ordinal: : 


good foundatio constructed. of material not below the 


The standard are: n, 8 trent or river slope, | 


to 1; backslope, 3 to 1. Where the levee is ov ft, in height, 


_quette, at an elevation of 8 ft. below w the to op of 
The elope of the « crown n of this banquette is 10 t of crown 20 
— Vhere the foundation oa ad, or the material 3 


the and perhaps the front slope of the: main 


are e built. ‘The specications, shown i in the 


— g 
of overflow and time of mayimum reading The tonocranhy 
— 
is more compact and tenacious and resists 
— 
— 
; 
— 
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COPPBE ON STANDARD LEVEE SECTIONS. 


statement (extract from specifications ¢ of ten, pequine the levee to be ; 
co 


nstructed in 2-ft. layers with s scrapers, on a well- grubbed ‘and thor- - 
fe ughly plowed foundation containing a a small exploration muck-ditch © ie 


back with strong material, the best to be found in the viekeity, 
a 


nd sodded at 2-ft. intervals with Bermuda grass, 


In the fourth district the dimensions of | the standard adopted d vary 
with the height, and are intended to more | > nearly: to the 


, wave wash, etc. 
5 to 10 ft. in height, the crown is 8 tt., river 


WATER SURFACE 


nee For levees from 15 “ 20 ft. in height the crown is 8 ft., the river - 
= slope i is 3 sche the first 8 ft. of the land slope from the ground is6 


to, the: next 6 6 ft. Ate tol, 1, and ‘thence to the crown 23 to | 
| 
Te Fig. 2 shows these sections and the method of placing gallowances 

fon In the pee districts 10% of the height, both in 1 wheelbarrow _ > 

and team work, is required for shrinkage. 


‘These ounderd sections are to withstand the water 
3 ft. of the « crown of the levee, without excessive vaburation or 


a change o of form, and to give unqualified protection under all normal 
= of foundation and materials of construction, = i 


Sh When subjected to water above the 3-ft. seven though ‘they are i in- 


Plate XI, ‘Fig. i , shows a crevasse n a levee of standard 
tion. the time was the 


crevass 


a = Pre) 
"= 
4 
=. 
So Sone For levees from 10 to 15 ft. in height the crown is 8 ft., the — ll Url 
e 2 a slope is 3 to 1, and the land slope 4 to 1 to within 5 ft. of the crown; ee 
thence tothe crown itis2}tol. 
+ — 
_ 
a 
— 
= 
= > 
j 


drained; a few days later of the levee 


at the end shown, and was carried forward through the hole. a | “Rig. 2, 


Plate XI, shows a standard levee, 15 ft. high, w ‘under construction, 
mee: “About two years ago it occurred to the author to’ compare the 
third district levee section with all the old American sections and 


those in foreign countries, i in onder to determine: what, ore 


one part of te world compared with that i in » anothers ‘each growing 


taught by good practical se sense, se, untutored i in ‘any scientific 


‘The foreign sections were taken “exclusively th 


“i and 6 are cross- sections ¢ of la e levees and foreign Levees, 
show this the principal dimensions of each levee being 


heavy shading. fi Where the standard section” “exceeds the 
foreign, it is ‘indicated with a light s shading. The high water shown i 
a _ that of the foreign rivers, and in most instances it is less than 3 ft 
ai: _ below the crown of the levee, and is not t necessarily the highest \ water 


the levee has toy withstand at that ‘particular locality. By raising the 


it; ‘bat the standard ‘thus far i in n this country 

<4 has been frequently required to hold out water to the he crown, and 
i will continue t to be thus s strained unt until many more millions of the 

of public funds have been expended in “raising the general line o on . the . 


Mississippi to an elevation commensurate. with the maximum 


Le areas and differences it will be seen that as a . general rule the old 


levees in this country from 1717 to 1835 were constructed with © a 
smaller section than the standard. The levee of 1717 at New 


— a 


aie 
— 
— 
— 
— _restrictions of economy, and each beginning with the simple me 
— 
— 
— 
— 
— 
—— 
full lines, and the foreign sections by dotted lines. Where the areaof 
— 
— 
= 
fi 
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_ 
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Sag cannot be taken as a criterion of the levees of that date, as it coon 
one of streets of the city and was used for roadway | 18 ft. in 


1854 to 1873 the standard was nearly similar to present, 


‘COPPER on STAN 


he section being 2 reduced t to obtain a g a a greater length of line, ay. a 


cross-section, but, in that portion betw bet ween the crown and a herleniinl 


j plane 8 tt. below, the ex excess in proportion to o the area is much greater 


than below. This is very p plainly shown i in Table No. lin the 


of percentages of excess to. area where the foreign | levee is is greatest, 
‘ wens is due to the fact t that t these levees are roadways, either g sraveled or 


5 ‘pay ved, and are used for general traffic; the wide cross-section not being = 
adopted as asa protection against water, but as the only means ( of 


communication ina country constantly ‘subject to ov erflow. 


: 2a On the new South dike of the Linge, (left bank) sections 37 to 40 


_ the excess in percentage of area above 8. ft. is not as pronounced, , be. 


- cause here an excessive section was given the lower area on account of | os ¥ 

the the weak and treacherous soil on which it ‘it rests. This This new South dike ye ‘ 

of the Linge | is ‘ the largest and ment elaborate work, exept the s sea aa 

dikes, that was met with in the Netherlands.” — 
, that was met with in the Netherlan s, aa —— 


. In the standard section, which is not used. as a roadway, @ crown ee 


‘ wach s as given to most of the Dutch, ond Italian levees (from 
4 
to 25 ft. ) would be a waste of material, adding unnecessary 


: strength to withstand b hydrostatic pressure, and weight placed i in the — 


wrong place to economically counteract hydraulic action as it occurs 


a Eliminating the excess in area due to roadway, it is found that the 


and nd American n practice are re much the ome in many instances 


- count, , the theory and neatiias on the two sides of the ocean will ap 


question that naturally arises in the mind of the engine: 


a in How wnearis is the ‘theoretically correct se section to this ‘standard, which 


abroad? This paper is ‘to > the Society 
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: with the hope that some of the members, many of whom have had 


8 long and varied experience, involving the saturation of soils, » clays, 
ete. in dams, levees, canals, etc., and | are learn 


knowledge of many enginesting may be induced by diseus- 


used, consuming i in m their construction large public privele tunis 


Ww ithout taking into a account the effect of wav ves on exposed levees, : * 


tion, » planking, revetments, ete., the w whole question of standard se0- 


tion depends on on the permeability of the embankment and foundation, 3 


a "method for ov overcoming it g iti in different materials. 
= buckshot or clay, which is | practically i impermeable, the section 


- be given a strictly t theoretical form, dependent alone on the _ 


4 height of the w water and the weight of the buckshot; apr some crown 
: merely for increasing the height in time of excess 


being plane with an inclination ficient insure the 


required weight to counteract the hydrostatic p pressure and the 


of demarkation _ between saturated and dry soil descending in alot : 
‘draulic gradient varying it in inclination with the soil of ‘which the 


= 


In wed 4, Bis the supposed line of saturation, it it wil seen 
th of — 


the and the additional weight only i increases the! force that would 

a tend to push the ary section down the semi- -saturated plane AB. The 

danquette ¢ G acts as a buttress, counteracting any su uch  tend- 

% ency, and distributes the weight i in the ‘most — and effective 

In ‘surface ‘soils, subject to direct rainfall or percolation from 


a on the co composition of the soil, both poeta and chemical, the natural 


4 and artificial voids and the hydrostatic pressure. a In nearly all soils, 


remote from intersecting fissures, wells or streams, s, the line or plane 


d in the theoretical 
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saturation is parallel with the surface of the ground, following 

inclination of hill and valley. Where wells, fissures, or river. 

beds eoour in ‘the surface soil, the line of moist material, or Plane « of 


upper ‘surface of saturation, is inclined toward the fissure, well ¢ or 
_ river, the degree | of inclination depending on ead consistency of the 


Where the hydrostatic pressure is great the soil becomes 


levees on the Mississippi during an overflow. Where | an impermeable 
material, such as Mississippi Valley buckshot or clay (not a an ordinary 


. soil), overlies sand, and the latter is s subjected t to any considerable hy- 
arostatic pressure, no seepage occurs through the upper stratum, 
This is s frequently demonstrated i in excavating levee borrow- -pits s when a 
the water i in the river is nes is near the bank-full stage and he opt stratum 
is rr buckshot 0 of considerable thickness. Th The pit: remains dry until the | 
- plow or 8 scraper penetrates | to the sand, when it becomes in a very ‘short. 
+The saturation of the soil i is due to two causes, its ability to hold — 
the water by capillary ‘reservoir ac action, , and the hydros ssure. 


former greatly in different soils. 


“* ’ saturated to the surface, as is often the case in the land behind the 4 


levee, built of permeable ‘material, ‘extended in cross-section 
= great di distance, , with crown, say 1 000 ft. w wi wide, instead of 8 ft., the Tin 


re, 


saturation would probably be perallel to the en crown for: distance 


and at the same ora greater elev ation than the v water in the ; river, de- 


= _ pending on on the capillary power of of the material and the length of ftime : 


levee was 1s subjected to pressure. 4 
nm By reducing the width of crown to the neumal levee section, 8 f 
=: the water of saturation iss affected, asin the case of the well or river ‘t 
surface soils, a ‘and its surface made to > incline, 


we The ‘power of soils to resist the } pressure of water i is due to their ax 
Specific gravity, fineness of comminution, cohesiveness, and the 


irregularity of individual Particles. Coarse sharp sand greater” 


resisting p power than that composed fine, ‘smooth, rounded 

es ‘The : author estimates the strength of “materials, as found in this 

levee district, to resist deformation due to seepage, or their value 3 

levee purposes, in about the following order: 


* See Bulletin No. 5, Weather Bureau, 1608, Ground- Woter. 
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Buckshot or 
(4) Heavy strong soils. 
©) Coarse sharp 
a The value value or strength of ale levee of standard section can be ® pretty a 
“fairly gauged by the position n of the line « of ‘saturation during food 
stages, if if it is constructed strictly in accordance | with the -accompany-— 
4 ing specifications, contains no perishable matter, is located on a good 
fi foundation, and is well drained. As far asthe author’s know Lace - 
4 the position of this line has never be been accurately d determined for dif- 


4 ferent soils i in this country. Surface observations during floods have _ S 


made, but with little benefit, as they have never been n systemat-— 


tb | ically 1 recorded, and are at best casual inspections made when it is 
“necessary to 0 devote all ‘available time tot the administrative rather hi 
_ the experimental function of the work. 
The author has experimented with diminutive levees, but ound 
the capillary | action of the lighter soils 80 so extensive that the entire ie 


4 section would become saturated, and after many futile attempts that 


method of investigation was abandoned. if the position this 
of saturation was known for all soils: used i in levee building, a a theoreti- 


‘The paper - entitled “The the River,” * by a 
Villiam Starling, Am. Soe. refers tos an n extensive and care 


ments were made to determine shrinkage, strength, resistance to still 
[ and running g water, capacity for retaining water, etc., but how w reliable 
or e.cgynentie: the results are to levee practice in this country the 


durin ing | high water, 


—— af 
(1) Buckshot and gravel tamped in 
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ON STANDARD LEVEE SECTIONS. 
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back slop e below the banquette, which is 8 ft. below the crown. With — 


the water near the wown of badly constructed levees of very poor, 


‘light: materials, the section becomes almost completely ‘saturated ; the <a 


_-pressure a a long time ; sections sliding, seemingly on | some #08 xe soapy 
inclined plane. of cleavage, and not becoming generally 


case po | lighter and | more permeable materials. 


a 


“a In the new government levees, built on average 
line of saturation varies from near the banquette t toa 4 to 1 slope, 


with the ‘water near the crown, but when the water is at the 3- Sf 
- limit, the » slope becomes 5 to 1 to 8 to 4. . The degree of saturation ; as 


perceived on the back slope is is very “quickly red: reduced by slight’ in 


fluence o of the "water. In many instances, where remains 


Yy 


oblem of providing against excessive seepage is one of great 


i importance in levees | placed on bad foundations, and sometimes can 


be solved by: the use of impermeable cores, consisting of muck- 
ditches sunk to strong strata and filled with tamped clay, or sheet 


as to their effectiveness in 1 banks subject to such « excessive shrinkage” 
- and expansion at different sea seasons and stages of water. a3 a 
oF Many instances of bed foundations, and levees built of poet ma 


¥ terial giving way ray under the pressure | of high w water, have come under 
the the investigation of of ‘the writer; in in a 


— — 
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— 

— 

\y place, being the weight of the abutting banquette and unbroken sod 
drainage of slopes in such instances is very beneficial. Badly 
a 

— 

— 4 
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un ith the water near the crown, after a q 
shrinkage of the material closing the interstices between the particles. 
— 
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but never adopted on account of their great cost and the uncertainty 
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ON ‘LEVEE SECTIONS. 


in rotten logs, and, when the pressure sufficient, withou ut 


be tion w was ‘undermined, leaving the upper of the levee standing» 


in the form of a bridge away by the violence of 


. ments and are not to be feared when the former is free of logs” nd 
holes and ‘the latter is constructed in accordance with ‘the latest 


practice; but, is. the | standard the most economical and the best for 


general practice on the Mississippi River, with the available sasterial 
and necessary restrictions in methods of construction? 


practical methods a are fairly further ‘investigation 


-is but an ultra-refinement and 1 unnecessary; but in the present status a 


of “engineering practice, when **the best results at the least cost 


seems to be prevailing motto, such an argument has ‘but little 
n .eaning to those looking for the standard attainable, even in 


Iti is by striving for the perfect i in all things that the of 
a higher civilization is reached, in which every every branch of eng engineering a. 
s “ Prepa eparation of Ground. scien center line of the levee will be 


= b: ten out by an agent of the United States. The fill and slope stakes 7 
ra — be set by the contractor, from notes furnished him. All logs, 


trash, and other objectionable matter must be cleared from the ground = 

is to be covered by the new embankment, and fora a distance of 5 ft. be- _ es 
a + yond the slope stakes. The entire surface between slope stakes must 7 
c- then be thoroughly broken with a spade or plow, in order to form a Bs ‘a5 
tae bond with the earth deposited, and such top soil as in the opinion of ee a 

the engineer in charge is unfit for the foundation shall be removed. he _ 
A muck-ditch shall then be | cut, when required by the engineer in 
_ charge, of such dimensions as he may direct. The muck-ditch for “iy , 
ew work shall be cut 3 ft. from the center line of the levee on the pm 7 
side next the river, great care being taken not to displace any of the . 


e: stakes of the center line; for eseneegpaiens work, the muck-ditch | ‘Shall 


 _and other decayed vegetation. During the flood of that year, the 

a 
. 
= 
3 

— 


be dug out for a distance of 5 ft. beyond the slope stakes or base of the 
levee. After inspection and measurement, these excavations and the 
oa muck-ditch must be filled in, with approved material obtained from — % 
1D _-without the base of the levee, and thoroughly tamped while being 4 
filled, to the satisfaction of the engineer in charge, or his designated — 

} agent. All of the foregoing work shall be completed f for at least 300 4 


j ‘be cut near the bese of the old levee. _ All trees, stumps, large roots, = 
crawfish holes, and buried logs, where they are known to exist, must q i 


ft. in advance of the embankment. 
«89. Embankment.—The embankment will be started full out to the ‘ 


side stakes, and be carried regularly up to gross fill, in layers not ex- 
- ceeding 2 ft. in thickness, when built by scrapers, and 6 ins. when built 
bys wheelbarrows. vs. In In wheelbarrow work, the earth will be | carefully Ei 
tamped either by wheeling over the embankment or by employing one 
to two wheelbarrows. When the has been 


faction of the engineer in charge, or his” designated agent. The con- 
Bsa will cut down all trees, both great and small, to a distance 


of 100 ft. from the base of the levee on both de” —_ 


: well pressed into the earth and 1 lightly covered with soil, to the satis. 


0. « Borrow Pits. —Only clean, unfrozen earth, free from all i 
matter, shall be used in constructing the embankment . It will be epro- o 
_ cured on the river side, unless otherwise directed in writing by the 
engineer in charge, and from such places as may be condemned for the — 4 

_ ‘purpose by local levee authorities. In excavating and removing it, 
great care must be taken to injure or ‘disfigure— the land as little as 
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te “ side slope of the pit next to the embankment not to be steeper than ‘ee 
on 2 encroachments upon the limits of either side will be 
measured by the engineer in charge, or his designated agent, and de- 
- ducted from the amount of the final estimate. At such intervals as — 
a: may be directed by the engineer in charge, or his designated agent, — 
traverses must be left across the borrow-pits to prevent the flow ofa : 

current along the levee. _ The distances between the traverses will not “§ 
- be more than 500 ft. . They shall be at least 10 ft. wide on top, with q 
4 slopes oflon2. Borrow- -pits mus must n not exceed 3 ft. in in depth on the ag 
_ side next to the levee, but they may gradually deepen with a slopeof — 

— lon 50 when on the river side, and 1 on 100 when on the land side , 
the levee. All existing levees, or parts of old levee, must be left,un- 
= written of the in charge is ous their 
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HOWING THE Torat AREA IN Excess, CoRRESPONDING 

To COMPARATIVE Sections on Fias. 3, 4, 5 anp 6; THE DIFFERENCE 
orn AMOUNT OF FOREIGN OVER STANDARD AREA AND vice “vats A THE 

‘Same FoR Sections ABOVE AND BELOW A Horizontat Line 8 Fr. 
Brtow Crown oF LEvEE; THE Toran AREAS ABOVE AND 

Berow THAT LINE AND THE PERCENTAGE OF Excess to Torau. 
Aut AREAS ARE INSQUARE FEET. : 


In Excess AREA IN Excess 


= 


Differ- 
ence. 


bove 8 


below 8 ft 


Foreign. 
total 


Foreign. 

Standard. 

Fo 

Total area below 8 ft. 
to total, a 
Percentage of excess 


7 


‘Percentage of excess — 


nd 


Bank 


a8 


P REMARKS. —In the last column the ane ae denotes that the standard section is in 
Fig. 8 shows sections 1 to 9; Fig. 4, sections 10 to 22; eat 5, sections 28 to 36, and Fig. 6, 
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Soc. C. E —On page 205 the author 


r. Wait, ‘Warr, aM. Am. 


are in with the latest practice is a matter the 
aa —_ speaker would not wish to vouch for. In his experience, and in the — 
s _ canal work with which he has been connected, it is the aim to have no 
through dams or embankments. The rate of slope at th 
_ places referred to was about 3 to 1, or , or not very far from those repre-_ 
_ sented inthe paper. The embankments are of puddled clay and ston 
Through the salt fields of Syracuse, a little west of that city, t 
i is a ) place where the foundation of the tow-path embankment is a very 
- porous ‘marl, so-called, and there has been seepage and percolation 
the marl underneath embankment for many years. The 


a 


source of fear and annoyance, and two or three breaks have occurred — q 
- there. An embankment in this condition m may stand for five years, yet 
to the speaker it is always a source of danger. q 
.  M. R. Suerrerp, M. Am. Soc. C, E.—Referring to the Erie Canal 
embankment where the percolation occurred, it would be interesting 
to know whether this first percolation carried roily water with it. 
all these constructions where the water -percolates clear, if it Pen : 
come in large quantities, there is no immediate danger. The as 
once had occasion to look into this question in connection with an 
earth dam with about 80 ft. of water on the Up- “stream side. The main 


of percolation on 1 the down- -stream ws but ‘through t the sand hills on 

either side there was a considerable flow of water. The dam was ‘it 

in 1892, and since that time the flow through the hills has diminished, ; 
in 1897 itw was one- of the original amount. From the 
ear. The question a as to 


to, the hills along the water-line were long; that is, the water would 
have to travel a great deal further through the hills to get out { than i 
it had come straight through the bottom of the dam. This dam 
was on a stream with a small drainage area, about 2} square miles; 
and having measured the flow of the stream before the construction 
of the dam and the was found the leakage 
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we ; a ments, and are not to be feared when the former is free from holesand _ 
it a fia _ logs,” ete. On the Erie canal the engineers do not feel safe if there ig q 
percolation and seepage through the banks. There are, it is true, 
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he beginning of the leak was ‘about one-fourth of the .e flow y of the! 
By throwi wang in gravel along the banks when the leak first 


month or 80 0 after the dam was ‘filled. = 
Aupuonse Freney, President Am. Soc. ©. E.—The subject of this Mr. 
j "paper is interesting, and covers a ground somewhat unfamiliar to en- _ 
 gineers in the East. One of its most interesting features is that it shows ae oe 
that the Government has been. endeavoring to establish standard sec- vs 
tions, which will make the levees secure with the use of as little a : 
i material as possible within safe limits of percolation. The practice, — 
. - especially in this part of the country, as Mr. Wait nee stated, has 4 
been to endeavor to construct embankments in such a way as to have 
nO leakage or or percolation; but in the. case » of the Mississippi levees, it oon 


: is a question, either of having no levees at all, or of patietiog them a 


Ea gineers build a drain in the very heart of the earth dams—on the 
down-stream side—in order to collect any water that may through = 
and conduct it safely out by special channels. 


‘As an illustration of the necessity for providing for proper drain- — 
4 age, the speaker referred to a dam made entirely of a bank of gravel — f 
and containing about 50 ft. of water. Nothing whatever had been _ 
done to prevent the percolation of water, and probably the only thing _ 
that saved the dam was the very fact that the material of which it was 
fe ‘made was rather fine on the up-stream portion of the embankment, : 
x; _ while the lower part was made of coarser gravel. The flow of water — a 
a through the dam was so large that, at first sight, the latter secmed to 
 beina dangerous condition. It was ascertained, however, that it had __ 
stood more than forty years, and the evidence collected showed clearly 
- that the amount of percolation, although large, was less than it “tod 
Res, been immediately after construction . Under those circumstances, — _= 
_ it was quite interesting to find, in the notes of the original builder, < a 
the statement that he had erected a structure which would last 
as the p; py yramids of Egypt. careful examination of the numer- 
= leaks which appeared at the down-stream toe of the embankment — ae 
disclosed the fact that they were running entirely clear and free from 
any solid materials. The conclusion reached was that the dam was not : 
in immediate danger, ‘although in a condition which should not ~~ 


‘maintained. It was since reconstructed. 


The fully agreed with Mr. Sherrerd as to the of 


— 
: at t 4 
— 
i= 
= 
4 = It has been studied abroad with a great deal of care, — + — 
4 


Mr, Duryea, Douryga, Jr., M. Am. Soc. C. E.—The designing of 
; _ sections should not be confused with that of canal and dam embank- 
‘ments, | as their respective designs are governed by entirely distinct 

_ considerations, both as to the economy absolutely necessary and as to 


the respective duties which the structures have to perform. = = 


As to the first consideration, that of the strictest economy, it is : 
* * hardly necessary to speak. It may be well to say, however, that it be 


protection to a basin; in “consequence appropria- 

tions for le levee construction must, ‘in general, be made to to cover | the 
whole length of the basin rather than the construction of an ideal sec- — 
tionoverany partofit, — 

demands for the protective work, as a whole, are so great, in- 
cluding, besides levees, so many costly special features, such as “the 
protection of caving banks and cutting bends, and the needs are eso far 

_ in advance of the available appropriations that the greatest fund > 
available for levees may be regarded as the least possible amount fo 
which a probable protection can be secured. = 

=“ The preceding, while an attempt to show that levees cannot ‘be had 
except: with small sections, is, of course, from an. engineering ‘stand 

- point, no justification of their being so built; but a study of the rela- es 

_ tive duties performed by levees on the one hand, and by canal and dam — 

_ embankments: on the other, will convince one that, for engineering 
reasons alone, it is perfectly proper to design the former with h much 
smaller sections, considering the quality of material used, than would 

suitable forthe latter. = | 

The duty of a canal or dam embankment is to sustain the fall h 
“of water for which it is designed, for long periods, usually, in this 
climate, for about nine months in the year; while levees may be 
regarded as emergency structures, in actual use for only short periods 

_ each year (and some years not at all), and even then, generally, und 

ad less heads than those for which they were designed. = 
ae As instances of the very short periods ‘during which levees are in he 
“actual use, the followi ing tables are given. Tables Nos. 2 and 4show 
the dates between which the water surface of the Mississippi River — 
was above the level of the natural river bank, or the periods during = 
which the levees were under any head of water whatever; and Tables 

Nos. 3 and 5 the time of passage of the crest . of the rise, during which — 
the levees were subjected to a great and nearly constant head; also the 

. periods during which the heads were morethan4 ft. 
From Table No. 2 it will be seen that levees built to withstand 

a heads of presumably 12 12 ft., , with water 3 ft. below the top, were cab 


— 
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river, and because of the river being divided into levee basing,” 

it is necessary that the levee be continuous from its upper to its lower _ 
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pISCUSSION ON STANDARD LEVRE 
TABLE No. 2. —Pzriops FROM 1888 To 1890, INCLUSIVE, DURING WHICH Mr. Duryea. 
THE LEVEES aT Catro, Inu. » WERE SUBJECTED TO ANY HEAD OF 


— 


March 27th to April 19th — | 
River not above bank level — days. 
From Jan. 16th to Jav. 80th — 
Feb. 18th Feb. 2th 
Feb, “ April 15th — 47 


otal in8 years om 91 rae 


TABLE No. 3. —PEniops | FROM 1888 To 1890, INCLUSIVE, DURING “WHICH 
bd THE CaATRO LEVERs WERE SUBJECTED TO GREAT AND NEARLY CON- 


“STANT HEADS; ALSO THE ACTUAL HEADS. 


Time. 


No head against levee. 
From Jan. 19th to Jan, 
“ Feb. 15th “ 19th 
March ist “ March 5th — 


March 29th to April 10t 
25th 


in 8 years, with heads over 4ft.—61days, 
TABLE 4.—Pzriops From 1886 To 1892, INCLUSIVE, DURING ‘WHICH 


"LEVEES aT Mempuis, TENN., WERE SUBJECTED TO ANY HEAD .. 
= Year Interval, Time, 


| 


tiny 


From Feb. to ith = = 
April 2d May = 


Feb. Sth “ March 28th = 
May Ist “ May 12th = 


March “ 26th = 
_ River not above bank-level 
From Jan. 17th to April 25th = 
“April 7th June 21s 


Total years = 306 days. 


— 
| 
ag — 
Wdays.| From4 to6 
4 
— 
oe 
om... 


Mr. Duryea, TABLE No. 5.—Perriops rrom 1886 To 1892, INCLUSIVE, DURING 


> ‘THE Mempuis LEVEES WERE SUBJECTED TO GREAT AND CoN- 
STANT HEADS; ALSO THE ACTUAL HEADS. 


= -~ 


From Feb. 23d to Feb. 2th=/| 4 days. From0 to2 


April 13th = =| 6° * 
May 2“ 34 = > “ 644 
“Feb, ith“ Feb. 16th=/ 5 
"46th “ March 26th = | 38“ ¢ 4 
May 3d “May 8th= « 
Noheadagainstlevee. == | 
Jan. 0thto Feb. 5th=|16 “ 
Feb. 17th “ 28d 6 0 
= March 6th “ March 14tth=| 8 “ | “ 4 
“ “ April i6th—| 88 “ | “ 6 


3 ‘Total in 7 years, with over 4 ft. = 238 days. 


jected to any head of water only. 91 days in 3 years; and from 


7 only 61 days, and to heads exceeding 7 ft. during only 36 days; a mE 4 

t to extreme heads of 9} ft. — 
7 From Table No. 4 it will be seen that levees built to withstand. 


heads of presumably 6 ft., with water 4 ft. below the top, were sub- s 
hs jected. to any head of water only 396 days in 7 years; and from Table 
_ No. 5, for the same 7 years, to heads exceeding 4 ft. during only a 
ae "days, and to heads’ “exceeding 6 ft. during only 104 days; and twice 
y a ar _ Not only can levees be regarded as emergency structures, but as 
ones as well—or rather as structures which have fair 
_ probability of being abandoned while still in good | condition, to be : 
replaced, because of caving banks or threatened cut- offs, by new “fs 
levees in safer locations. A short time spent in watching the caving 
hy - banks of the Mississippi and Missouri rivers will disabuse anyone rs 
the idea that levees should be regarded or treated as permanent struc- a 
“tures, on which increased | expenditure will give any certainty 
creased safety and time of service, 
_ _Even should a levee not be abandoned because of caving bank 8, 8 
increase of section would not necessarily make it 
the river; for the alluvial foundat 
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2 and levees may, and probably often do, fail because of water working mr. Duryea. he oe 
through the ground under them and ‘‘ blowing up” on the land side. beer dat 
my During the comparatively short periods of highest w water i it is usual eas 
coe and necessary to watch the levees constantly w with a force e prepared to a 
- make instant repairs; and this necessity may arise from causes entirely — 
ts. independent of the size of the section, such as unusual variations in 
the surface-slope of the river, due to to high winds or or to the piling ¢ ” 7 
With such a constant supervision even saturated 
may be from and so still be able to 


S e ae to have them at all, except with small sections, there are many 
\ natural conditions which justify the use of sections relatively small] in 


head. The former must hold the : water 80 that the loss hon seepage is za = 
i a minimum, while in levees, seepage is not considered at all, except as 7 


affecting their safety. Canal embankments are watched in only a 
i mod moderate degree while under stress; levees with vigilant and constant 
care. The former are permanent structures built on firm foundations — 


and are likely to be i in use for many years; the latter are on much more a _ 


The first consideration in n engineering is, always been, a 

_ safe and full performance of the duty for which the structure is de- ae 
- signed; but the second is certainly the accomplishment of this result _ _-, a 
if at the least cost; and each year the standard of good engineering more | fe 3 
strictly 1 requires that there s] shall be no no expenditure beyond that ne e 


AN 


y to attain the result sought. sind 
emi not in the least meaning to advocate the use of unduly small 


sections for levees, the speaker wishes to emphasize the fact that the a) 
duties to be performed by canal embankments and by leveesare widely __ 
m different, and that their design and construction should be governed Bs. 
es by different considerations; and that which would, in the case of a 
canal be only a satisfactory section, might, in a 
be we asteful, one hence, 


— 

wnecial weaknesses Ca sualiv repg some leisure = = 

a r = 
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ahd are liable to be #bDanaoned alter aSDOFt _ 
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CORRESPONDENCE. 


H. 8. Dovetas, Esq.— The writer does: not think that a ‘standard 


are t00 numerous sand it all the factors mentioned in the 
paper were known, there is 58 ene which has not been given that 
would have to be taken it into account. In the sentence (page 193) “Th : 


of ov and maximum the words duration” 
should be inserted after the word “height.” 
_ It must be bornein mind that, as levees are commonly constructed, — 
their safety lies in the fact that they are under strain for compara- ~~ 
- short periods. ‘That they break occasionally is to be expected. ey 
_ That they hold as well as they do is a matter of surprise. There are 
few levees on the Mississippi River which would hold if the extreme $5 
high water lasted for a year. ‘This being the condition, two levees e 


aa the other for one hundred and twenty days. This principle a 3 
“once established would lead to still further refinements, because the = . 
‘alien of the strain would vary on different parts of the levee, being a 
least at the top and greatest at the bottom. If the minimum thick- s 
«ness of the levee at the extreme flood line is fixed, then the thickness — ¢ 
at the base should bear some relation, say as 5 to 60, or whatever 
may be the duration of the different heights of the water above the = 
aa ‘base of the levee, : as determined by the record of the nearest reliable 2 
Generally the present levee has a crown width of 8 ft, and 
—_ slopes of 3to 1. In a levee of this section, 11 ft. high, onal: ; 
that the water is against it to a height 1 ft. below the top or grade. 
At the surface the hy drostatic pressure is zero, and the duration of the Bo oy 
_ strainthe minimum. The thickness of the embankment or distance — 
a on a horizontal line between wind and water at this elevation is ae , 
Two feet below grade there is a pressure of, say, 62. 5 Ibs., and the 
duration of the strain has increased. The thickness of the 
ment has increased to 20 ft. Three feet below grade there is a pressure 
er “ll of 125 Ibs. and a further increase in the duration of the strain, but the a 
thickness of the embankment i is only 26 ft. At n ft. below grade the 
_~ipressure becomes 625 lbs., the duration of the strain has vastly in- 


eS but the thickness of the embankment is only 74 ft. The a 


pressure has increased ten times, but the thickness of the embankment — 
has not increased in fourth district levee sections, 


7 
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y of New Orleans, would not re- 
‘us - _ of Cairo, and the other in the vicinity of New Orleans, would not re 
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hes of the pea to be eavenat will design the best and most 

economical section for that particular levee. If he has had | an ex- 
= tended experience during floods, the principal | factor in determining — 
the size of the levee section will be the amount of money available to 
- pay for it. -Witl ith this as a governing factor, it is scarcely probable that 


he will have an opportunity to err in the way of an excessive section. 
Srevenson ArcHeEr, Jr., Esq.—The present construction of Mr. Archer, 
= slong the Mississippi River, based upon a theoretical standard of per- 
fection under given conditions in reference to stage of water and -_ 
uniform material, is set forth clearly in this paper. ‘If in the con-— a. 
_ struction of levees there could be. dependence upon a uniform material — 
_ with known pressure, or regular stage of water, it would be uselessto 


on atheoretical basis a line of levees through the Mississippi 


in First to be considered are foundations. _ Throughout the Missis- — re 


where levees built of ‘ or clay, which is practically 
meable,” and in accordance with the specifications in every perticuler, =— a 
but with a substratum or foundation of quicksand, have, without — 
water pressure, given way on account of their own weight. Since it is 7 = : 7 
impossible to obtain a uniform material, any theory evolved for soil 
q be of any particular character would be out of the question in most in- — 
‘stances. In fact, there are long lines of levees constructed of two and — = 
sometimes three different kinds of soil, consequently increas gor 
‘decreasing the standard of resistance, which must not bea variable 
quantity in theoretically standard cross-sections. 
Admitting the practicability of ‘securing faultless foundation, 
there arises the question of seepage, which is considered to be 
- most disastrous. It is generally believed, after the experience of . 
per water of 1897, that when the levees are completed to the present _ 
established grade, 3 ft. above said high water, that as far as volume 
and height are concerned they will be sufficient to withstand ve 
future fi flood not greatly exceeding that of 1897, provided excessive 


8 ‘seepage and saturation can be prevented. . The evil effects of seepage — 
have been very thoroughly explained, both in the exhaustive descrip- _ 

tion of the Holland dikes,* and in the 6 paper under discussion. oi loll 


Notes on the Holland Dihes,” 
Transactions, Vol. xxvi, 


CORRESPONDENCE ON STANDARD LEVEE SECTIONS. 215 a 
In practice, an intelligent levee engineer, who is personally familiar Mr. Douglas. 
= 
enter into a discussion or to offer any suggestions. Owever, these 
— 
4 tion is clear in every instance, there being three distinct classes of 
“a 
— 
4 
a 
4 
— 
he 
by William Starling, M.Am. Soe. C.E, 
——— 
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NCE ON STANDARD LEVEE SECTIONS. 


4 Mr, Archer, Jr. most Stee 0 sloughing away of the back slope, which a ‘ 
leaves without support that portion of the levee immediately under 
the crown, and this, being thoroughly saturated, follo follows, and 


_ _The banquette was adopted a few years ago as a reinforcement for - 
large levees, to prevent sloughing. Fig. 7 would indicate that the sat 
uration occasioned by seepage stopped | at the line of the back slope, a : 

4 little below its intersection with the crown of the , banquette. Ifthis — me q 
_ were always the case, the value of a banquette | would be established 4 


a oo seepage has also been known to occur at an elevation 6 fh Ae 


Pile 


"quality. To avoid the ‘disastrous effects. of f excessive seepage the 
Writer i is of the opinion that wherever new leve ees are constructed, i," bee a 


of the layers ; then, as the river ' begins to rise up the slopes of the : 
levee, the inspector should be e required © observe and record the 
"points where percolation occurs on the slope, and the distance below — 
the water surface. From this information the average hydraulic 
gradients might be obtained, and slopes parallel to the line of satura. 
tion 1 established, thus controlling seepage and forci ing it to drain “ee t 
into the seep ditch near the toe of the slope. 
_ The value of aseep ditch has been regarded apparently with indif- od 
ference, but in the opinion of the writer it should be included with the 
‘Specifications, and receive the careful consideration of the engineerin 
charge. The inclination of the water-shed in the delta is naturally 


toward the inland streams, and “consequently the seep water would 


om - entually find its way through them into the river below. — : 


a 
4 


one var standard the most economical and the best for general practice 0 on a 
Mississippi River, with the available material and necessary re- 
strietions in methods of construction?” is one of great interest and 
> _ importance to the levee engineer. In levee building, as much as a ; 
in other engineering works, the question of economy is not to be Bee 
by first cost, as one crevasse may result in enormous 


— 
f 
distance above the banquette, and, draining down aids the saturation 
| below the top Of the siope for distance Of several hundred feet, while 
adjoining levee for an equal distance showed few signs of percolation, 
= 
| 
| 
— 4 
— 
> 
— 
ean be obtained by constant observation and a thorough knc 
i 
a Mr 
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of all panpestion to the relative cost of a levee or Mr. Gordon. 
As shown clearly byt thea ontian, the strength of a levee is “ene dl 
Saal dependent on the character of the material of which it is built, and, 
ie Ss as is well known to those familiar with the work on the Mississippi 7 
ae River, the material may change in the space of a few hundred feet. — 
a The two classes” of material on which the author places the highest _ 
value for levee construction, viz., buckshot mixed with gravel, and 
‘a buckshot mixed with sharp sand, are rarely ever obtainable in practice ¥ 
ue within the limits of economy. With buckshot, as ordinarily found, it b 7 
pat — would appear from experience that the present third district stand- _ 
e ard, with slopes 3 to lon each side, and an 8-ft. crown, reinforced \ with 
on 7 banquette, where over 11 ft. in height, is amply strong, and aboutas. 
economical as can well be obtained. With lighter materials a flatter — 
back slope would be preferable, and at points where exposed to wave _ 
_ a very much flatter front slope, even 8 to 1 from the high-water 
line to a a depth of some or 5 with the s standard 3 8 to above 


‘district, w where, during the high water of 1892, , the for 


against wa wave wash was some $1 500 for about 1 mile of very exposed 

_ levee. The repair work during the next season was placed on the back ~ 

; - slope, and the front slope left as it had been made by the action of the Ba 
waves, about 8tol for a depth of some ft. below high-water line line, 

3 to 1 above. During the flood of 1893 the high-water cost 

i $150 on the same levee, and in 1897, the next high-w ater season, 


‘The question of the “ line of ‘saturation roferred t to byt the author, i is, 


' estan as well as on the age of the levee, and its: prev ious us subjec- 
tion to pressure, that it is virtually impossible to reach any definite con- = 
clusion from it, as toa standard section. In very light soils, and in levees 
new construction, almost the entire mass becomes saturated, and 
_ sloughing is very liable to occur, r, while the same 2 levee, after two or three 
_ years, will become as firm and compact as buckshot, and be equally safe. — 
@ _ However, as any levee is liable to be subjected to pressure within =a 
Ps few months after its construction, it would be wise to ) adopt s such a a 
as would make it safe under po circumstances. _ This section is 


the location, as well as on the material abe - 


me In general it would seem to be best to determine the section by the © 
local conditions of soil and location, and not attempt to establish any — 


stand standard to be a adhered to in ‘cases. 


é 
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tion, is the most economical in the end, in the saving of hig 
4 
aq 
¥ =, 
4 


CORRESPONDENCE ON STANDARD ‘LEVEE SECTIONS. 


Mr. Fortier. Samuen Fortier, Esq. —From the writer’s experience in building 4 

- pres embankments to retain water, he can approve of many of the 
statements contained in this interesting paper. There are, hovel 4 
_ other features of the work described which he cannot fully compre. 2 
_ hend, owing, doubtless, to his ignorance of the character of the ma- 


_ terials used and the requirements of the levee sections. —__ 
Referring to Fig. _7 the author states that the additional \ weight of 
the unsaturated portion of the prism would tend to push it down the 
semi- -saturated plane A B. In all ordinary materials, it would be per- 
more correct to state that the weight of the dry prism FC D Bo 5 
would tend to make the excessively saturated portion beneath | 
out along the slope A H, and occasionally along the water slope. a In 
either case, the dry portion on top is asource of weakness rather 
than of strength, whenever the material beneath has absorbed so much 
water as to destroy its cohesiveness and power of resistance. The — 
truth of the above statement was amply demonstrated on the West 
’ F ‘Branch of h of the B Bear River Canal System in ‘Utah. ry A portion of this 
was excavated along a asteep hill-side, composed. chiefly of in- 
durated clay, carrying a high percentage of very fine sand. The canal = 
a bottom width of about 15 ft., ., a depth of 10 ft., and a carrying 
capacity of 1000 second- feet. The center line was located in such & 
manner as to keep the water area wholly in . excavation, , and the excess ie 4 
of material, of which there was an abundance, was dumped on the low = J 
FS side as shown in Fig. 8. During the first three months of operation a ' 
: the bottom and sides of the newly excavated channel absorbed much b; 


water, which, collecting beneath the lower embankment, reduced the rf 


‘material to a semi- liquid state and the heavy load above forced the i_ 


saturated mass outward and caused the slide indicated by the heavy 
line. A small well-compacted embankment carried up 2 or 3 ft. above — 
the plane of the water ‘surface, with a top width of 6 ft. and side — 


whole question of standard section,” says the author, 
7 From this it } may | be e inferred that if the embankment and foundation eA 


made i impervious, much smaller section would suffice. If, then, 


pends on the permeability of the embankment and foundation.” 


the prevention of seepage is so essential a feature in the construction 
A more compact? If clay is the only material available, the section 4 4 
given by the author is probably the best that can be used. To moisten 4 
- cays with a view of puddling it increases its bulk and renders it less Fg 
compact than when it is rolled, or rammed, in a dry state. If, how- 
cheaply obtained, the writer suggests that the form of cross- -section ne : 
the manner of building be modified. 
| 


of levee sections, why is an effort not made to render the embankment | 4 ; 
ever, a mixture of gravel, sand, loam and clay can be readily and ie s 

— 
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CORRESPONDENCE ON STANDARD LEVEE SECTIONS. 
LS 
In scores of instances throughot ut the Western States it has been Mr. Fortier. 
‘ghown that the materials of which ordinary soils and subsoils are : 
itn pool providing the percentage of clay be small, can be made — 
more compact and impervious to water by simply throwing the ma- q 
terials into’ water than by any amount of f ramming in dry state. 
backfilling of trenches for water pipe, gas pipe and : sewers during 
the past five years in the West has been usually done by filling the © 
e trench, after the danger of flotation is prevented, about two-thirds full r, - 
of water and then scraping or shoveling the backfilling into the water. ¢ 


_ Mississippi leve ees, if it were practicable to raise sufficient water from 
the river to maintain a canal in the center of each levee during its 
as construction, a more compact and impervious embankment could be 
jim formed. The water would first be pumped into the muck ditch, which, 
: by being gradually filled in and widened, could be readily converted 


- Subsidence rarely takes place in in trenches so filled. In regard to the 


into a canal and maintained until high-water mark was reached. 
In this manner, and with the materials named, writer has built 
embankments from 20 to 27 ft. 
height which were impervious 
oe and did not shrink more than 1 nore 
© per cent. Assuming that the — 

materials near the center of the 
could be compacted 
the manner described, a smaller — 

section might be adopted. The 
banquette might be dispensed 
_ with and the outer slope changed a. 
3 to 1 to slope o of 2 tol. 

too hasty perusal of the paper thew writer i is somewhat puzzled 


which i is liable to settle 10% the may very well tosupport 

locomotive and train, but is certainly unsafe to retain wi ater. Of 
course, as the author remarks, the question of cost must be considered; “7 = _ 

-*. as no hydraulic engineer would attempt to construct reservoir 

_ embankments of such loose material, one may be pardoned in asking © 


why sO porous a mass of earth is to be preferred o on levee embank- 
=> Was SraRuixa, Am. Soe. C. E. —The proportions of the Mr. 
cross-section to be given to a water-turning ‘embankment will depend 
ee mainly on three circumstances: the foundation, the material, and — 


manner of construction. In the cane of levees, the last element may 


to certain well-established rules, which are laid down by the author in i, 


_ his extracts from the specifications at present in vogue in the third dg al 
United States district, which are substantially | 


: said to be a constant quantity. . All levees are now built a 


—— 
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220 CORRESPONDENCE ON STANDARD LEVEE SECTIONS. 

Mr, Starling. by the State services, at least in Mississippi. — a ‘It is perhaps n not ge gener- a 

; ally - understood that many of the local levee | boards have done 4 

; = for the protection of their own m territory. as the United States 


1882, ‘that time, to the author, they ha have put up 
50 000 000 cu. yds. of earth . Now, the two Mississippi levee districts, 4 
since that have put up about 25 000 000 cu. yds. by their 

of 


“the wh whole Mae... All the other districts have more or less, 
and some of them have been very active. _ Since the date mentioned, i 
J uly, 1882, the Lower Yazoo (Mississippi) Levee Board have ae 
_ $5 224 235.11, while the United States authorities have | spent or are — 
spending about $2 100 000. 
The mode of construction being the same in all cases, the variables — ; 
of the problem are the foundation and the material of which the bank _ 
is to be composed. It might not, at first sight, be evident how the 
nature of the foundation could affect the cross- -section of a levee to ak a 
= onit. Lev ees are very ; cheap constructions, and it is economi- — 
cally impossible to carry them down to solid or founda- 


= be clay, sand or loam, never solid, always more or lees porous 
— and often treacherous. if the ground be of the e latter nature, it is 
often 1 peceseary to give the levee a very broad base, to keep it from 
“blowing up,” that is, to keep the water from breaking through under big 
the bottom of the embankment. It is for this reason that so wide a 
_ base was given to the New South Linge Dike, ink Holland, of of which| the 
au author has given some sections in Fig. 
‘Phere are three well-defined classes of earth to be found in the 
alluvial plain of the Mississippi, namely, clay, sand, and loam. Itis 
_ observed that the author has included ‘‘ buckshot mixed with gravel’ oe 
_ as one of the possible combinations of wndeaiele but, as a matter of fact, 
_ there is no gravel available for purposes of levee construction a 5 
are gravel bars in the river, and there are grav ravel strata underlying the 
alluvium, belonging to the modified drift formation, 40 or 50 ft. 4 
“more beneath the surface of the ground; 3 but there is none which is of <ae ’ 
“a _ The clay is usually decidedly silicious in composition. a ‘The sand 
— is mostly fine, and mixed with a considerable proportion of earthy — 
‘particles. Coarse sand is rare, and pure sand is seldom or never 
-_ countered, though sand approximating purity is sometimes found in se 
oe _ the vicinity of crevasses, where it has been deposited by the overfiow- 


ae swift currents of water. In such cases, if the ground is be 
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in a banquette. may be said, then, 1 that pure ‘Sand is eliminated Mr. | Starli 
the list of levee materials. Where it is absolutely necessary to. 
ase it (as it sometimes is), extraordinary dimensions are given to the — ae 
levee. In one instance, where the levee was a very large and import- 
~ gnt one, side slopes of one on five were used, and even m these dimen- — ae 
sions were subsequently increased. The material was sand, a as nearly 
. pure as it is found. Loam isa fine silicious earth with a considerable _ 
oro oflime. It resembles in appearance and in itn 
i Loess of the Missouri valley, and was probably derived from it. — 
| i # As the material for the construction of the levee i usually o obtained — 


& in front of the line, the foundation and the embankment are, 7 es 


in most cases, composed of the same quality of earth. This quality 
itself, however, is extremely variable. Frequently there i is a stratum 
of the blue or black clay, locally known as ‘‘ buckshot earth,” 1 or 
ft. thick, on the surface, while under it there is a stratum of sand of 
indefinite thickness. One hundred or two hundred feet further down = 
_ the line, the clay stratum may thicken to the extent of 5 or 6 ft., or it 
j= 
a In the very rare case of a levee composed of good ‘‘ buckshot ° of d 
 tolerably uniform quality, with a foundation of the same extending» 7 
ro several feet below the surface, it would, no doubt, be possible to build | 
Pa Be safe embankment with less than the ordinary cross-section. ew Exam- — 
ples of this construction may be seen in the dikes of the Waal, in Hol- " 
and, of which the author gives sections in Fig. 5 of his paper. The y ~ a: 
= along the banks of the Waal is of excellent qi quality, and uniform _ ; 
- to a depth of several feet. In the Mississippi Valley the clay is seldom — 
£- of sufficient thickness or extent to make any departure from the or- 
dinary proportions advisable, in the direction of a diminished section. 
is On the other hand, it is 0: often thought expedient to increase the stand- ‘a 


i ard dimensions in the case of unusually light or treacherous material; 

but it would be a very difficult task, in the present state of our knowl- 
a _ edge, to prescribe any rule for the modifications required, except such © 
3 as are furnished by the judgment of the engineer. Sand differs from — ia 

sand, and loam from loam, nor is there any recognized means of defin- 

z ing the gradations of difference. _ In many cases, experience with» 
particular gives valuable hints for future constructions in 
Horace M. Marsuatt, | M. Am. Soc. —While ‘diking i is s the! Mr. Marshall, 


» 


levee building i is a natural rational th of which. 

obtain, yet it is highly questionable if it is well to force the growth 

_ faster than the river can accommodate itself to the change. It may be > 

the longitudinal section of the levee more urgently needs needs looking 
natural conditions wer were better 

deft to. work out their own salvati on; leave it a fight for the or 
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aaa) ‘Then make the sides of the levee parabolic? Yes, probably, but 


all. _ against the ails on a basis of “ seniih worth ” of the land o 
ing to control the extension of the system. 


pressure horizontally, and by gravity and capillary thn Vertically — 
in “opposite” e directions. 4 Capillary action has: effect, however, only 


By When the weight of the column of water balences the pests 
resulting from the » foregoing causes, action n stops; s so that 


cause Below ‘this grav ity i is counteracted by capillarity, 
friction alone opposes motion. Friction m may arise or alter from 
: various causes, 8, which will determine the amount, but the effect will 
- “vary only in degree to diminish the velocity of the filament moving 
7 under hydrostatic pressure and gravity. Gravity, by drawing the 
filament downward to a lower plane, subjects its particles to an in- 
"creased head. Hence the mov vement will be due to the constant force 
of gravity and the constantly i increasing hydrostatic pressure, and 
: the path will be a parabola. But why not some other curve? A body 
: ‘moving under a constant force and a continually increasing force will 
trav: el along a curve of the second degree, and it is not violent to con- 
_ elude that it will be similar to the path of a body ; moving 1 under a 
constant force and a constantly dimsinishing force, only curved the 
opposite popular parlance it ‘‘ will seek the line of least 
resistance.” It is easy to to write the 


tion and demonstrate the line of the resultant of forces — along 


this it will go since there i is no consciousness or volition. — 


the truth of the reasoning. Other conditions the same, 
_ vise in the water-surface may materially i increase the quantity of flow 
without any great change in the elevation of the trace. T The lata 
pect is changed by the greater difference in . velocity i in upper a - and 


lower strata due to increased difference in head. 


hows! shall the parabola b be determined i in each case? the resistance 
; - offered by the material; that is, the friction opposed to the motion of Z 
the water going through. This can, of course, only be ascertained by 
‘measurement; probably through pipes driven in the levee, in series, — 
to different depths and at ‘different distances from the front slope, 
which will permit a determination of the hydraulic gradient under 
-yarious conditions of the river surface. It will be well to note that the 


through a limited distance, determined by the surface tension of the 

— 
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— 
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= I the line Savuracvion were straigny, rise Of = Plane of the 

me = ; _ water on one side of a levee would cause an equal vertical raise of the oe 

ES “4 a & - trace of seepage on the other side, for the material being homogeneous, __ 

— 
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CORRESPOND E ON STANDARD LEVEE SECTIONS. 


“re apart, and that distance will be affected in any plane by the weight “aaa 

above the plane. Hence, the weight of the material above the 

be ABin Fig. 7 may be of great value in adding to the friction below, as i 

a even if it does dispose of the material to better purpose, in preventing i 


,a overtopping, to take earth from the back slope and heap it upina 
wall along the front of the crown. 4 

a In this light, the decreased seepage, then the falling of rain upon ~ 
: ae the levee, or a slight fall in the w ater, can be a accounted for by the ; 
 qdded superposed weight; and even the rise of waterinthe borrow 


pits, when the surface of the pit is stripped, by the decreased super- - =~ 

posed weight; for certainly capillary action must cease at the surface 
and the water simply stand unless carried off by ev: aporation. 


ast considerations would lead to making the landward Tes of k, 


standard levee conform to a parabola parallel to the line of satura- __ 
tion and at a distance above it, depending on the efficiency of weight 4 1 ' 
3 ud in lessening friction. No o greater crown ro width \ would be required t than 

is needed to allow for degradation by: wear and tear. The river-side 


slope i is gov erned by consideration of wave wash almost entirely, for, — 


seepage, if , it could be more advantageously placed back of a tical 
"plane through the front edge of th of the | crown, 
* It will be observed that among those whe have attended ae in 
the painful and tying school where experience serves as ateacher, 
both in foreign lands and on the lower Mississippi, the trend is 
P - toward the theoretical section, thus proving once more that science is 
| sec on 
“but the orderly and methodical digestion and arrangement of the 


D. VAN Esq. —In the writer's connection with the Mis- Mr. Van Meter. 


observation during the high water of 
i: At the upper end of the division assigned to his charge, whieh was 
also the beginning of the Third River district, the 
was considered a fairly good one. This was owing to its ‘material 
than its cross-section, as it was not of standard proportions, 
| having : slopes ¢ of about 2 to 1 on the back, 3 to 1 on the front, an 8-ft. 
— erown, and no banquette. Though the levee was of a good stiff buck- — 
Shot (which is generally conceded to be the best material obtainable 
7 in the Lower Mississippi River bottoms), it was as clearly demonstrated 
‘- that the cross-section was insufficient. be There was no crevasse in the 
+o levee, but it was only maintained by dint of hard work and the 
abundance of at hand. This portion of the was built up 


toa 8 ft. ft. above any previous water, but saving previous 
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was that the flood line along this section of the river was raised 
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The | levee was only about 12 ft. high. As the water — 
a stage spproximately 3 ft. below grade, seepage 
at the base, and extended up » the slope several feet. _ After the water sf 
4 passed the 3-ft. stage and approached the top of the levee, the whole __ 
_ of the back slope became saturated, and after reaching a stage above 
bore the grade of the levee, then confined by a narrow — the back slope 3 


a ° 3 to 0.4 ft. in twenty- -four dene: and the danger 1 was most manifest, 


‘The back slope would break at or near the crown, and siide out ing 
mass, leaving a perpendicular wall of thoroughly saturated earth, 
which had to be depended on until it could be ‘strengthened. — This 
occurred in a levee of excellent material, though of less cross- section 
than the standard. The foundation along the line is excellent. | 
_ Another feature of peculiar interest was observed at places where 

= cross- -section was of standard dimensions, but the foundation was 

treacherous. The levee is of sandy loam and maintained a dry back- 

slope throughout the flood stage, but the base was honeycombed by a 
small cavities that spurted sand to an extent sufficient to fill a depres- = 
_ _ sion measuring several hundred cubic yards. The natural result was 
caving or "settling of the back-slope to compensate for the lost 

material. These sand-boils are very alarming in appearance, yet they 
The following notes relate to a faulty, not. too say a treacherous, 
‘eration for a levee now being constructed to close one of the a 
crevasses of last /season. This levee is of standard cross-section, and 
es = ft. high, which is rather exceptional, as the height of levees here _ 
- would average scarcely more than 14 ft. The construction was con- be. 
menced and prosecuted under peculiar disadvantages. Excessive i 
during December and January retarded the progress of the 
q 


ow work to such an extent that only the front half of the levee could be 
re? _ built of approved material (buckshot) up to about half of the height, tk 
when the engineers were confronted with a rising river that cut off . 
a a “I the supply of material from the front. This forced a resort to a silty an 
- deposit on the back to » complete the « embankment to the height to . 
which the front half had been constructed. Slight trouble was 
perienced from the sinking or settling of the foundation, until the 
i whole cross-section had been brought up to within 5 ft. of the grade. 
os Then there was a breaking and settling just back of the center line of , 


cross-section. The appearance of this seam « or crack was the first 

‘ intimation of an insecure foundation (other than a slight compression See 
- of the entire foundation). The natural surface outside of the bese 

" began to bulge or rise on the front, extending 50 or 60 ft. beyond the — : 

limit of the slope. ‘This was not a general | movement of the base, as 

extended only to the front, the line of demarcation being a a crack 
— with almost perpendicular walls. The break at first extended ome 
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ft., and as the embankment ap- g Mr.'VanMe 


of the break, it increased in extent %+— 


position of the different layers of 
_ material under the supposition that ~ 
they were forced uniformly down 
into the quick-sand foundation. As — 
material was added to the moving 
mass, the sinking continued, and it 
Late was determined that the movement & 


es was lateral rather than due to com- re 
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i pression of the base, because the @ 
a. bulging still went on, and the em- | 
i: bankment slid on a stratum of stiff 
. buckshot slightly more than 2 ft. 


below the natural surface of the ~ 
depression crossed by this portion 
of the line. This bulging or dis- — 
placement of material has at its . 


3 
a ‘extreme attained a height of 6 ft. | “}, 


é 


f above its normal plane. In its g} 


TOTAL SETTLEMENT 42.3 


; movement stumps and trees were 
earried to a distance of 60 ft. beyond 
the toe of the slope. Counter | 
pressure would have been resorted @> 
to, except that a diminution in the 


RV: 


AND APRI 
BSE 


movement was noticeable after the 
first few days; the break, and conse- 


_ quent movement, being very sudden * 
_ and decided for the first four days, 2 
_ with a pronounced decrease, even “| 
 undera continual deposit of material ¢ 
on the moving mass, 
ae > This is offered to demonstrate to 
some extent the impracticability of © 
: evolving a section suited to all con- 2 


NATURA 
<A 


ditions affecting levee construction, 
oo alluvial bed of such & 


and covered 600 ft. of the incom- all ata a 
proportion of the section through- | | | | 
4 
Ay: | oad — 
ag 
| 
| pt it 


system ¢ constructed i in the States, though other cities which 
‘ 4 greatly need such protection have been prevented from obtaining it on 
- account of the cost. In fact the problem of protection from floods in 
more or less mountainous districts i is different from that to be consid-— ee 


for the embankments, but to give sufficient “water-way 

3 tween them, together with the cost of the necessary devices for the - 
_ drainage of the protected areas will generally form the larger part of 2 A 
_ the expense of the system. . As the streams have a much greater dak 
than the Mississippi, in fact are more or less “flashy,” the flood _ 


In the Coming dikes the river are on at the 
slopes 1 on 2, with a crown 8 ft. in width. All vegetable mate-— 
rial was removed from the base. Gress, for instance, was removed <7 a 


-Serapers, the sod taken off acing 8 ins. thick. The sod wes 


q 


allowed i in the body of the dikes. go sod wa was utilized, , however, a8 

_ the slopes and crown were covered with a 6-in. layer of earth suitable 

for the growth of grass. The layer had to be incorporated with the ; 
body of the dike as the building proceeded, and not merely placed on 3 

top. After the removal of all vegetable material, the base 1 Ww 

in furrows ps ¢ to the Whenever new material 

hardened, as, for instance, when two at different 

times, were to be joined, the hardened surface was thoroughly 


ploughed to insure an intimate mixture an¢ and close joint. 


necessary, wagons loaded by a “ Western Elev ating Grader” were 
4 used. To provide for shrinkage 10% was added t to the height of the 
embankments as finally required. The yardage paid for was only that 
_-—s- eorresponding to the cross-section as finally required; that is, no pay- 
ment was directly made for the material added for shrinkage. == a 4 
= ‘| ~~ Bermuda grass is not successfully grown in northern climates, and 
ws 1. = the specifications 1 required | that grass s seed consisting of equal parts of 
blue grass, hard fescue, s fescue, red fescue and 


— 
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q 226 CORRESPONDENCE ON STANDARD LEVEE SECTIONS, 
wel 4 Mr, Ricketts, M. Am. Soc. C. E.—This paper is partie. 
— las — larly interesting to the writer for the reason that he has just finished __ 
a system of dikes for the protection of the City of Corning, N. Y.,from 
— 
| 
— 
 €red in sparsely regions similiar to those 1b WHICh OF the 
Mississippi River levees have been built. The cost of the landand of 
a 
great as in the case of the Mississippi levees. The erosive action of 
— 
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im 
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— 
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bushels, of 14 Ibs. ‘each, per acre. The results obtained were 
yery satisfactory. The fescues are very deep- rooted, forming a 
mat of roots, and they grow well in sandy or gravelly mixtures. ~ 7 
‘Sufficient base for the required slopes could not always be obtained. 2 I 
os In one place a retaining wall 1 200 ft. long had to be built to a ‘ 
the base and protect a road. The river slope along this wall could be an ed : 
made only 1 on 1}. Consequently, this slope had to be paved. A Gen- 
Poss erally the foot of the paving , at the various bridge : abutments and else- 
where rested against 12 x12-in. hemlock sticks which were below low 
water and were drift-bolted to oak piles 8 ft. in length, and spaced 5 
ft. apart from center to center. The stone paving was 12 ins. in depth. 
Ih order tc to compiete the system | two bridges had to be prolonged, 
seven streams flowi ing into the river had to be taken care of in different be - 
ways, and thirteen lines of leaded cast-iron pipe, from 1 to 3 ft. in a 
diameter, were used to carry the sewers and surface through 


taken care of the | built to carry them until 


_ their land ends were above high water. One such circular conduit = 
J was of brick, 7 ft. in diameter and 700 ft. long. Other streams 


slopes with velve boxes reaching to the ‘surface. 
i L. J. Le Contz, M. Am. Soc. _ ©. E.—The proper cross- -section to Mr. LeConte. 
adopt i in the construction of levees for reclamation works has always pis ae a 
engaged the watchful attention of the ablest engineers. ‘The most 
; raion cross-section in any given case will depend upon the character — 
pod of the material available—also upon that of the foundation. Hence it FA 
_ is impossible to design a proper section without a thorough knowledge by, | 
of the physical properties of the materials to be used i in construction, — ray ee 
and this important knowledge cannot be obtained in a day. 
Theauthor properly states that the saturation line, during 
stages, is the best guide to the proper section for the levee. The writer 
i has given much attention to this part of the subject for many ‘years. 
Be The main difficulty is that the line of saturation, in most cases, is not 
only irregular, but also, at each particular site, continues to grow e 
- fone and flatter, day by day, as the time of high water is prolonged; a 


speaking, a = in the ary banquette is worth 


ONDENCE ON STANDARD LEVEE SECTIONS. 
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q 
| 
a ends, and slide valves, for safety, in manholes under the crown of the 
embankments. For surface drainage, 12-in. cast-iron pipes were — 
& 
ig 
q 
— 
4 
become saturated. then comes the danger of the levee 
melting and flattening out under its own weight. In all such cases 


CORRESPONDENCE ON STANDARD LEVEE SECTIONS. 

- Mr. Le nats “A, Assuming the saturation n slopes submitted by the author to be cor- oe 
rect, the writer would prefer to reduce the inside slope and use the 
material thus saved in re-enforcing the banquette, where, in his opin- 
ion, it would serve @ more useful purpose. al f 


d ix and bordering pote 
banks of ‘all streams subject to overflow. ‘Tew: the levees exceed — 
this height the material available becomes more peaty in its a se 


material the writer prefers to continue the drain straight through par ee 
under the banquette as indicated in Fig. 10. The banquette and levee 
are both much more effectively drained thereby, and their ao a 
largely improved by reason of the general depression of the satura- 4 
tion line. Of course, this drain the mone be built with care, , but when 
{ properly, done it is well worth all the money that n may be | spent on it. 


rested. 


_ with levees of moderate height, some 4 to 5 ft. go attempt rs ; 
was made to exclude excessive floods, the owners being panes 
“content with returns from good crops” obtained during” seasons of 


which they comand the handsome sum of $80 000 on a good nie 
7 ‘They concluded to build massive levees, with the view of excluding — 
all floods. Advice to the contrary was sof no avail. The massive levees 
tes en in yogue. The follow- 
ing year alae to be one of extreme high water and the stand was 34 
4 unusually prolonged. During a very high tide, at midnight, the e 
levee-watch reported a roaring sound as though the levee had given 


: eof3tol 
San Joaquin rivers has a crest 8 ft. wide, a 
f2to 1, with a drain at the toe. 

| 
— 
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structive case in whieh the writer was int 4 
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q he island. A branch Of 
ground, following the longituin serpentine line and, in 
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== channel of the river. The island was soon inundated. __ — 
pi After the flood season had passed and the waters subsided, an ex- _ 
a amination of the fissure was made and many costly attempts under- 
a = taken to close it with sheet piling, Te- e-enforced with hundreds of sand- 
bags on either side, but to no purpose. The following high water in-— 
variably blew them out. A careful the case showed con- 


clusively in developing the fissure the water had followed the 
Tino of an old subterranean channel (and there were several of them) 
_- which formed part of the topographic features of a lower terrace plain. 
The island has remained practically uncultivated years. 
Sr. L. M. Am. Soe. 
misconception as to the true of a love ee, and also 
sion of levees with canal banks or permanent dams generally. This 
is advanced and is explained i in the discussion of 
this paper. the length of 
the levee is subjec ted the pi pressure of the water. 
_ Under continued and constant pressure, as in the case of canal a 
g bankments, many of the levees on the Mississippi would notremain _ 
intact six months. There are others through which a constant seep- 
age would take place and the levee still remain intac ct. A few, built of 
the best material and in the best manner, would show no seep water, 7 
being as strong and safe asany earthen damcould be. 
the River district the strain on m the e levees 


the Mississippi leves ees seep, to a or less “extent, high 
ee water, but where the foundation is sound and the section and con- 
struction standard, this seepage is without detriment to their - 
Seepage is nearly always most active in the foundation. Fre- 
nently large : streams of water break up and discharge through the 
- soil far behind the levee or near its base. — Where driven wells “aa 
they generally flow freely to some height the surface of 
e issuing of roily water from extensive ‘seep- -holes is a very im- ¢ 
- portant sign. Seep-holes as large as a man’s leg often discharge large 2 . 
quantities of water during an entire flood without detriment to the - 
levee, but in in such cases the water is always clear. . Should tu — 


an pee! ar, how ever, a break i is very liable to occur unless pr ompt — 


LeConte. 
4 
2 
be 
a 
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Be , and show how unn it i ‘ — 
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CORRESPONDENCE | ON STANDARD LEVEE SECTIONS. 
Mr. Coppte. means are adopted for cutting off the pressure and discharge. A very 
_ a high water, but of short duration, has just passed down the Missis- 
sippi River. This water came principally from the upper Ohio and 
i 2 _ its tributaries (not the Cumberland or Tennessee), the Wabash and Hli- 


Rois, and was augmented in the third | district by a freshet from the 


ia Arkansas and White. The stage reached at some points was was equal to oe ’ 


i that of last year, which was one of the great floods. When the water 

reached its highest stage the author inspected the levee from Green- 
ville to Vicksburg, about 100 miles i in length. The water on an ave 
age stood within } ft. of the top o of the levee, being at the top in ma 

= Places. _ The height of the line averages 12 ft., and i in some localities 

- is over 20 ft. _ Where the standard levee existed, it was astonishing — 

~ how. nearly uniform the saturation and other conditions were in spite 

oof the difference ix in the materials of construction. Mile after mile of 

the levee, composed of various materials, was passed « over and showed — 

3 defect i in n section, with the water nearly at the top of the crown, and 


able showing of seepage in the foundation soil, as evidenced by stream 
of clear water from 1 to 6 ‘running with | considerabl 
Mr. Marshall very the present worth of the land 
Ree be a more important factor in the general establishment and a 
_ extension of the levee system as a whole. - ‘The rapid closure or pro- ae 


tection of many thousands of a acres of comparatively worthless land — 
_ by levees, in the last two or three years, has produced a very pro- 
nounced and elevating effect on the flood level in the long-established — 
7 _ levee districts. Large reservoirs have been closed, not by degrees, | ie 
but immediately, giving the river no possible chance to accommodate — 
hae to the change, except by an | extensive rise in the flood plane, — 
— which i in 1897 was decidedly disastrous to the levees protecting one — 
_ of the richest and most highly developed agricultural countries in the | 
world, with all the growing crops, mills and manufacturing plants, 
towns and cities, quite a a net-work of railroads, ; and rivers navigable 


during alargeportionof the year, 


_ It is conceded by most engineers that there is internal water press 
“ ure even in masonry dame, ond by some it is taken into account wa } 


m to produce curve. the heterogeneous medium of 
~ A the body of a levee the parabola is not to be recognized except in 7 
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4 bankment and foundation, and a constant hydrostatic pressure, the 

ee sia a trace of the saturated material should be a parabola, as Mr. Marshall he 

states; but even in the stone dam, as demonstrated by Broenneman 
— 


instances, judging from the borings “made in the body of the levee Mr. Coppée. 
J y ppée. 
daring the flood of the present season. Hence, the design of the 


jllogical as 
a nearest approach toa theoretically cor correct section v 
4 rs by the mean trace of the plane of saturation for the material of a. 
the levee was constructed, as determined by a sufficient number a 
experiments in levees of that material under the required head and 
« duration of flood. — Bya great number of these experiments it is pos- o> 
sible that a standard can be established for each particular ‘material . 
; and from these specific standards a general standard determined that — ; 
“ will be safe and and effective under all all normal conditions of material and 
sie _ The author’s experience is the same as that of Mr. Le Conte, v 
‘That i in all levees, through which seep-water passes, the line of satura a 7 
tion becomes flatter as the flood is prolonged. On the levees of the © 5 7 
Sacramento and San Joaquin Rivers, Mr. Le Conte uses a land-side — os 
“slope | of 2 to 1, up to to aheight of 10 ft, with a drain at the toe, . and for a > 
greater heights a banquette. ‘The e: experience on the Mississippi River 
* has been that slopes of less than 3 tol are liable to slough after — - 4 
becoming saturated, producing a dangerously contracted section. It Z 
= be that the use of the drain would areeye this. 3 nection with the is a 


a. bs used at the foot or ‘toe of the back slope of the levee, as shown Yat 
in Fig. 2, and good results were obtained. In many instances, during 
the time o maximum head and pressure, , Surface drainage has proved — 
very beneficial in draining g the surface of the back : slope and banquette, — = 
and the author is convinced that a carefully designed system of drainage el 
¥ would help materially to lower the line of saturation and add to the a 
stability of the levee. Mr. Le Conte’ drains under the body of 
are undoubtedly of great antage in reducing the satura- 
_ tion where its worst effects are felt. 
Mr. Douglas gives, as the principal reason for not adopting a 
standard section, the difference in duration of high water in differ- 
ent portions of the alluvial river. . Though the duration of pressure 7 7 
- is a very important factor in comparing levees with canal banks and 
‘4 imperv ious dams, the variation from Memphis to New Orleans is not = 
sufficiently great to warrant a change in the standard. While the _ 
duration at the lower end of the line is greater, the ms material is stronger rs 
and the lev ees considerably lower. er. 
Ri In regard to the increase in pressure with the depth and duration, — 


and the comparatively slight increase in width, the author can but 
reiterate what has been already stated, viz., the line of saturation, if 


t determined, will indicate the best means of distributing th the e counter- 
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CORRESPONDENCE ON STANDARD LEVEE 
Mr. Gupte. acting weight, and, no matter how much this pressure increases with 
the depth, if certain section, has sufficient 


is well known that much of the levee above the line A B, ‘Fig. 7, 4 

including the crown, is used simply as a pathway and for convenience 


crown and use only a3 to 1 ‘slope behind, as shown in Fig. i. 
Here the thickness increases ‘directly with | the ] pressure, and the 
4 . 7 - and cube of counteracting material varies with three times the __ 
square of the height, while the pressure changes but directly with the ag 
4 height. In fact, the hydrostatic pressure, except in materials prac- ~_ 
a. tically impermeable, cannot be used alone as a basis for the design of =| 
The tendency to softening and sloughing at the toe of the land-side __ 
ri aa _ slope necessitates the banquette, which places a heavy weight at the — 


a most necessary point, without regard to the theoretical was: of hy- - 


7 


pressure i in 4 The case cited by 


instances great deviations from the standard are necessary. This often x : 
occurs in reaches exposed to the wind, where it is impossible toi induce 

rapid growths, and where the material is light and easily w washed. 


for the allowance of 10% for shrinkage i in an embankment designed to | 
withstand | water. . It the layers of which levee is constructed 
could be reduced in thickness and water added as suggested, | ‘this: oe 
' allowance would be unnecessary, but where the embankment is put 
up with scrapers in 2-ft. layers of practically unselected material, the — 
percentage is not too great. Economy is s¢ so necessary, and the 
7 4 so extensive, that the specific ations have to be written in accordance we 
a therewith, and in great measure leaning to the side of economy rather 
than tothe best methods of construction, 


- a In giving buck-shot and gravel as a composition | for levee eebuilding, 


_ a the author did not intend to create the impression that it could be | 


_ generally used. In the neighborhood of towns and manufacturing’ 


“4 establishments, where it me be necessary to have openings in the 
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ae levee and an embankment of unusual strength, it could be used, the Mr. —_ bag 
‘ "gravel being obtained from bars of that material, many of which exist — 3 
Ay; in the river. . Absolutely pure sand is not found, but many long a 
hes of levee have been ‘constructed of comparatively pure sharp : 


reac 
sand that allows percolation, without of section, 


During the flood that has just passed, borings were made in the 
z levee at a number of points, under the direction of the at author, for the — 
purpose of determining, if possible, the line of saturation. ‘This in- 
- formation was obtained for the Government, but through the kind- ye? 
ness of Captain H. C. Newcomer, the officer in charge of the third 
it is made available for the discussion of this paper. 
gs Fig. 12 shows the results of these borings as plotted from the notes 
obtained, and though they show clearly the trace of the plane of satu- 
iy ration, they are not sufficiently numerous to prove any rule or law 
* except for “the short time of observ: ation, and in levees of the kind > 


is existed, the back levee having been built with the expectation that — 
- the one in front would cave into the river. _ The holes w were re made vers : 

at a time, the examined for consistency 

set of observations was made in an old levee 

BS built prior to 1860, the other in a well- constructed line put up in iL 

(with banquette). Borings were also made in a new 
_ buckshot levee partly shown in the photograph, Fig. 1, Plate XI, ae 


but it was practically impervious, and no saturated material could 


flood was propagated so rapidly, and gave such a short time 
the observation of high-water conditions, that the flattening effect on ,. 4 re 
3 the line of saturation is not as marked as it t probably would have been “ 
with a continuation of the highest | stage. By plotting a number of 
servations taken at the same elevation of the w vater, and drawi inga 
_ ‘mean curve, the latter is found to be a parabola, as shown in Fig. 13, 
buteach individual section is farfromit, 


am In the 1 new levee, Sta. 3 090 to 3 112 + 16, composed o of a mixture — 
of buckshot and loam, the section is ‘shown to be eee oven for 


Iti is supposed by some levee that as a levee gets — 
= becomes more porous, owing to the boring of earth insects and the E - 
effects of “ig etc. ih other words, as it is sometimes So 
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oy STATIONS 310 TO 336=OLD LEVEE CONSTRUCTED PRIOR TO 1860 a 
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As s before stated, it is a a pretty well- established fact that | in nearly 


the levee becomes saturated after a certain oe of high water, 
deal In a well-constructed levee, 2 ft. in | height, t 
will appear on the land side at the toe of the me 2 ft. below the 
- erown. With a 5-ft. levee the line of saturation again intersects i 
back slope near the toe, instead of 2 ft. below the crown, as in the in 
in stance. - This is partly shown in Fig. 12, and is due to the fact that 
gr d the drainage through the loves o causes that line to fall and 
seek a a low er level. In the case of & well-drained levee, 15 or 20 ft. in 
height, the line of saturation has a much greater inclination than in 
os small one. This inclination, from the water level in the river to 


WATER SURFACE 


"SATURATED 


= 
as of the is, for the small 8 tol, 
te in the large levee it is about 5 to 1, but is nearly always in the 


- it _ shape of a curve, dropping sharply at first, but diminishing in ots 4 
nation as the ground level is approached. 


sections are not. numerous enough of much value in 
7 designing a standard, but they serve to show the conditions that exist 
in the particular levees experimented upon during a short periodof 


lovee section. 
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